R ecently, international regional differences in rates of mortality and morbidity in patients with chronic heart failure have been highlighted, as were the potential implications of these for the evaluation of the effects of treatments. [1] [2] [3] [4] [5] Specifically, in the Treatment of Preserved Cardiac Function with an Aldosterone Antagonist Trial (TOPCAT), the occurrence of the primary composite end point of cardiovascular death, hospitalization for heart failure, or resuscitation from cardiac arrest (which was a minor component) was much less common in patients from Russia or Georgia (unadjusted rate of 2.3 per 100 patient years in the placebo group) than in those enrolled in the United States, Canada, Argentina, or Brazil ("the Americas", 12.6 per 100 patient years). 5 This observation raises 2 important questions. Firstly, was this a trial-specific concern in TOPCAT, or is it a more general issue in heart failure trials? Secondly, might this have been a problem specific to (or magnified in) heart failure with preserved ejection fraction (HF-PEF), given the greater difficulty in defining this type of heart failure than heart failure with reduced ejection fraction (HF-REF)? 6 To try and answer these questions, we have examined event rates in a number of other trials in both HF-PEF and HF-REF. [7] [8] [9] [10] [11] 
Methods
We analyzed event rates of patients in the Irbesartan in Heart Failure with Preserved systolic function (I-Preserve), and in the Candesartan in Heart failure Assessment of Reduction in Mortality and morbidity (CHARM)preserved trials, the only other large trials in HF-PEF (in addition to TOPCAT) that included patients from both Europe and North America. We also analyzed the CHARM-Alternative and CHARM-Added trials, as well as the Controlled Rosuvastatin Multinational Trial in HF (CORONA) trial, which enrolled patients with HF-REF. The design and principal findings of all of these trials have been reported. [7] [8] [9] [10] [11] 
Patients
The CHARM program consisted of 3 trials comparing candesartan with placebo in subjects with symptomatic HF (New York Heart Association [NYHA] class II-IV). In the present analysis, we pooled the 2 CHARM HF-REF trials, which enrolled patients with a left ventricular ejection fraction (LVEF) ≤40%. The CHARM-Alternative trial enrolled subjects with intolerance of an angiotensin-converting enzyme inhibitor, and the CHARM-Added trial enrolled subjects who were treated with an angiotensin-converting enzyme inhibitor at baseline. The CHARM-Preserved trial enrolled subjects with LVEF >40%, all of which had a history of cardiovascular (CV) hospitalization. However, for the present analysis, we only included patients from CHARM-Preserved with a LVEF ≥45% so as to create a population similar to I-Preserve (see below). The primary end point used in the overall CHARM program was all-cause mortality, whereas that for each of the component trials was the composite of CV death or HF hospitalization. The median follow-up for the overall program was 37.7 months. I-Preserve randomized subjects with HF-PEF to irbesartan or placebo. The inclusion criteria included LVEF ≥45%, age ≥60 years, and NYHA class II through IV symptoms and hospitalization for HF within the previous 6 months or NYHA class III through IV symptoms and ≥1 of an abnormal chest radiograph (pulmonary congestion), ECG (left ventricular hypertrophy or left bundle-branch block), or echocardiogram (left ventricular hypertrophy or enlarged left atrium). The primary outcome used in the I-Preserve trial was a composite of all-cause mortality or CV hospitalization, and the mean follow-up was 49.5 months.
CORONA compared rosuvastatin with placebo in patients ≥60 years of age with chronic HF-REF attributed to ischemic heart disease, who were in NYHA class II through IV, with a LVEF ≤40% (≤35% if NYHA II). The subjects enrolled were followed for a median of 32.8 months, and the primary end point in the CORONA trial was a composite of CV death, nonfatal myocardial infarction, or nonfatal stroke.
Region
For each trial, we grouped patients according to region: (1) Eastern Europe and Russia, (2) Western Europe, (3) United States and Canada (no patients in CORONA), and (4) Latin America (only patients from I-Preserve). The countries within each region from which patients were recruited varied slightly according to trial, and are listed in Table I in the online-only Data Supplement. Patients from South Africa (all trials), Australia, Malaysia, and Singapore (CHARM trials) were excluded from the present analyses.
Clinical Outcome
In this analysis, we evaluated all-cause mortality, the composite end point of CV death and hospitalization for heart failure, as well as CV death and hospitalization for heart failure separately in each of the included trials.
Maximal length of follow-up was 70 months in I-Preserve, 48 months in all 3 studies of the CHARM program, and 44 months in CORONA. All analyses were performed as time to first event. These end points were defined using similar prespecified criteria in each trial as part of either the original primary or a secondary end point. In each trial the end points were adjudicated by an independent end point validation committee. Confirmation of heart failure hospitalization required patients to have typical symptoms and signs and intensification of heart failure therapy on admission. In CHARM and CORONA, intravenous therapy was required whereas intensification of oral therapy was also acceptable in I-Preserve, although we believe few cases were confirmed on this basis.
Statistical Analysis
Baseline characteristics are presented as means with standard deviations for continuous variables and frequencies and percentages for categorical variables. For all outcomes, patients lost to follow-up were censored at last day known to be alive, and for analyses of HF hospitalization outcome, patients who died were censored. Unadjusted event rates were reported per 100 patient years of follow-up according to recruitment region. Cox proportional hazard models were used to calculate hazard ratios for other regions compared with Eastern Europe/Russia, adjusting for age, sex, race (white versus all other race), heart rate, systolic blood pressure, body mass index, NYHA class, LVEF, ischemic etiology and history of diabetes, atrial fibrillation, stroke, and coronary revascularization. Some other potentially important predictive variables were not available in all trials (eg, history of heart failure hospitalization, creatinine, natriuretic peptides). Only predictive variables available in every trial were included in the adjusted model. Although the proportion of nonwhite participants in CORONA was low (0.4%), excluding race from the model for CORONA did not change the results. Therefore, race was left in the model for consistency. The assumptions of the Cox model (proportional hazard, linearity of continuous variables, and no interactions) were tested and the models were found to be valid. We compared rates within each trial to avoid confounding regional differences with trial differences. Cumulative incidence curves were constructed for the composite of CV death and hospitalization for heart failure, as well as for all-cause mortality according to region for each trial.
N-terminal pro B-type natriuretic peptide (NT pro-BNP) levels were available in a subset of patients in I-Preserve (3418 patients, 542 who were hospitalized at least once for heart failure). In an ancillary analysis, we adjusted the hazard ratio (HR) of heart failure hospitalization for baseline NT pro-BNP level, in addition to the variables mentioned above. All P values are 2-sided, and a P value of <0.05 was considered significant. All analyses were performed using Stata version 11 (Stata Corp. College Station, TX). 
Results

Baseline Characteristics
HF-PEF Trials
By design, patients in I-Preserve (Table 1) were older than those in CHARM-Preserved (Table 2 ) and more likely to be in NYHA class III or IV. They were also more likely to be female and have a history of hypertension but less likely to have an ischemic etiology. Patients in I-Preserve were more often treated with diuretics and mineralocorticoid receptor antagonists but less often treated with digoxin (despite a similar prevalence of atrial fibrillation). Within each trial, there were notable international geographic differences in baseline characteristics. For example, in CHARM-Preserved ischemic etiology was much more common in Eastern Europe/Russia (and this was also true, but to a lesser extent, in by guest on June 28, 2017 http://circ.ahajournals.org/ Downloaded from I-Preserve). Patients randomized in Eastern Europe/Russia were youngest in both trials. In I-Preserve, the proportion of women varied by region (from 51.4% in USA/Canada to 70.2% in Latin America); however, in both CHARM-Preserved and I-Preserve the proportion of women was greater in Eastern Europe/Russia than in Western Europe. Patients in Eastern Europe/Russia had a lower prevalence of atrial fibrillation than in Western Europe or North America in both trials (lowest of all in Latin America in I-Preserve). The prevalence of diabetes mellitus was highest in North America in both trials, as was history of coronary revascularization. NT pro-BNP and estimated glomerular filtration rate also varied substantially with the former highest and latter lowest in the United States/Canada in I-Preserve (NT pro-BNP was not measured in CHARM-Preserved and estimated glomerular filtration rate was only measured in North American patients in CHARM-Preserved).
HF-REF Trials
By design, patients in CORONA (Table 3) were older than in CHARM Alternative/Added (Table 4) , and all patients in CORONA had an ischemic etiology. Patients in CORONA were more likely than those in CHARM-Alternative/Added to have a history of hypertension, atrial fibrillation, and stroke (but less likely to have had coronary revascularization). Patients in CORONA were more likely to be treated with an angiotensin-converting enzyme inhibitor or angiotensin receptor blocker (ARB) (by design), a β-blocker, and a mineralocorticoid receptor antagonist (but less likely to be treated with digoxin) than those in CHARM-Alternative/ Added. There were some international geographic differences within each trial. For example, patients in Eastern Europe/ Russia were younger than in other regions and more often female in both trials. The proportion of patients in NYHA class II was smallest in Eastern Europe/Russia in CORONA, a trend that was also seen in CHARM. Mean LVEF and systolic blood pressure was higher in Eastern Europe/Russia than in other regions. History of coronary revascularization was less common in Eastern Europe/Russia than in other regions in both trials. There were also differences between regions in drug therapy. Mineralocorticoid receptor antagonist use was highest in Eastern Europe/Russia and digoxin use lowest in Western Europe, in both trials. The median NT pro-BNP level was similar in Eastern Europe/Russia and Western Europe in CORONA, the only HF-REF trial in which it was measured. 
Table 2. Baseline Characteristics of Patients in CHARM-Preserved Overall and According to Region of Randomization to Region of Randomization
HF-PEF trials
Unadjusted Event Rates
The unadjusted rate of death from any cause ( Table 5 and Figure  I in the online-only Data Supplement) was higher in the United States/Canada and Western Europe compared with Eastern Europe/Russia in both CHARM-Preserved and I-Preserve (and in I-Preserve the all-cause mortality rate in Latin America was similar to Eastern Europe/Russia). The unadjusted rate of cardiovascular mortality was also higher in the United States/ Canada and Western Europe than in Eastern Europe/Russia in CHARM-Preserved, whereas rates were similar in I-Preserve.
The international geographic differences in rates of first heart failure hospitalization were much more striking. These were by far the highest in the United States/Canada and lowest in Eastern Europe/Russia in both trials. The rate of heart failure hospitalization in Western Europe was intermediate but closer to Eastern Europe/Russia (and Latin America) than the United States/Canada.
The rate of the cardiovascular composite outcome reflected the geographic differences in its components. ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CABG, coronary artery bypass graft; CORONA, Controlled Rosuvastatin Multinational Trial in HF; CRT, cardiac resynchronization therapy; eGFR, estimated glomerular filtration rate; NT pro-BNP, N-terminal pro B-type natriuretic peptide; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; and PM, pacemaker. January 6, 2015
Adjusted Hazard Ratios
After adjustment to take account of the differences in important prognostic variables between patients in the different regions, the geographic variation in heart failure hospitalization persisted, remaining significantly greater in North America, compared with Eastern Europe/Russia in both trials. In I-Preserve cardiovascular mortality (but not all-cause mortality) was lower in Western Europe than in Eastern Europe/Russia.
In a subset of patients in I-Preserve we also adjusted the rate of hospitalization for heart failure for baseline NT pro-BNP level. After this additional adjustment the HR decreased to 1.02 (95% confidence interval [CI], 0.74-1.14), P=0.89.
HF-REF Trials
Unadjusted Rates
The unadjusted rate of death from any cause (and from cardiovascular causes) did not vary much by international geographic region in either CHARM Alternative/Added or CORONA (Table 6 and Figure II in the online-only Data Supplement), in contrast to the findings in HF-PEF. However, the rates of first heart failure hospitalization did vary by geographic region but not by as much as in HF-PEF or according to the same geographic pattern. In CHARM Alternative/Added, the rate of first hospitalization for heart failure was higher in the United States/Canada, compared with Eastern Europe/Russia and Western Europe. In CORONA (which was not conducted in the Table 4 United States/Canada) the rate of first hospitalization for heart failure was higher in Eastern Europe/Russia than in Western Europe. As a consequence, the rate of the composite outcome in CHARM Alternative/Added was higher in the United States/ Canada than in Western Europe; in CORONA the rate was higher in Eastern Europe/Russia than in Western Europe.
. Baseline Characteristics of Patients in CHARM-REF Overall and According to Region of Randomization
Adjusted Hazard Ratios
There was no major variation in all-cause or cardiovascular mortality rates by international geographic region, and this was not changed after adjusting for other prognostic variables. After adjustment, the rate of heart failure hospitalization remained lower in Western Europe than in Eastern Europe/Russia in both trials. The adjusted hazard for each outcome of interest did not differ between the United States/Canada compared with Eastern Europe/Russia in the CHARM HF-REF trials.
Discussion
We found that rates of fatal and nonfatal events in patients with heart failure varied by international geographic region. However, this variation was notably greater for HF-PEF than for HF-REF and higher for heart failure hospitalization than for mortality. In 2 separate trials we found that unadjusted rates of both types of event in patients with HF-PEF were highest in the United States/Canada, intermediate in Western
Europe, and lowest in Eastern Europe/Russia. In patients with HF-PEF, the difference in rates of heart failure hospitalization persisted after adjustment for regional differences in key prognostic variables. In HF-REF we found little international geographic variation in mortality and a different geographic pattern of heart failure hospitalization rates. These rates were still highest in the United States/Canada (although these data were available from only 1 trial) but intermediate in Eastern Europe/Russia and lowest in Western Europe (ie, the pattern was reversed in Europe compared with HF-PEF).
Our study was stimulated by the findings of TOPCAT, and our results are consistent with those of TOPCAT. 5 Indeed, the rate of the composite of cardiovascular death or heart failure hospitalization in the United States/Canada in CHARM-Preserved (10.9 per 100 patient years) and I-Preserve (10.3 per 100 patient years) was similar to that for the primary composite outcome of cardiovascular death, heart failure hospitalization, or resuscitated cardiac arrest (with the last component adding few events) reported in the Americas in TOPCAT (12.6 per 100 patient years). Our rates of cardiovascular death or heart failure hospitalization in Eastern Europe/Russia (4.4 and 6.1 per 100 patient years in CHARM-Preserved and I-Preserve, respectively) were not, however, quite as low as that of the primary outcome in TOPCAT in Georgia/Russia (2.3 per 100 patient years).
Nevertheless, our findings in 2 separate trials, along with those of TOPCAT, suggest that the geographic differences in Rates of all-cause mortality, cardiovascular mortality, heart failure (HF) hospitalization, and the composite of cardiovascular mortality or HF hospitalization are given per 100 person-years (py) of follow-up. Hazard ratios are adjusted for age, sex, ischemic etiology, and history of diabetes mellitus, atrial fibrillation, and coronary revascularization. CHARM-Preserved indicates Candesartan in Heart failure Assessment of Reduction in Mortality and morbidity Preserved; CI, confidence interval; EF, ejection fraction; HF-PEF, heart failure with preserved EF; and I-Preserve, Irbesartan in Heart Failure with Preserved systolic function.
*Model adjusted for age, sex, race, heart rate, systolic blood pressure, body mass index, New York Heart Association class, ejection fraction, ischemic etiology, and history of diabetes mellitus, atrial fibrillation, stroke, and coronary revascularization.
by guest on June 28, 2017 http://circ.ahajournals.org/ Downloaded from event rates appear to be particularly pronounced for HF-PEF and especially for heart failure hospitalization (the composite primary end point was not decomposed into its components in the primary results publication from TOPCAT). Moreover, although patient characteristics varied considerably by geographic region in HF-PEF, the geographic variation in the rate of heart failure hospitalization persisted after adjustment for other predictors of adverse outcomes.
We believe that the finding that the disparities were not as large in HF-REF and did not show the same regional pattern raises more questions about international geographic variation in the diagnosis and management of patients with HF-PEF than about thresholds for hospital admission. The diagnosis of HF-PEF is more difficult than HF-REF. The symptoms and signs of heart failure are nonspecific and may have a noncardiovascular cause. For example, dyspnea and fatigue may be caused by advanced age, deconditioning, obesity, or hematologic and other comorbidities. Similarly, lower extremity edema may be caused by arthritis and venous insufficiency. A cardiac explanation for such symptoms and signs is made more likely by demonstration of left ventricular systolic dysfunction (ie, the patient probably has HF-REF). The diagnosis of HF-PEF, however, requires more advanced echocardiography techniques, invasive hemodynamic assessments, or biomarker measurements, the availability of which likely vary geographically and the interpretation of which can be complex. 6, 12, 13 Of interest in this respect, NT pro-BNP was measured at baseline in I-Preserve but the result was not made available to investigators (ie, it did not influence patient inclusion or exclusion in the trial). The median NT pro-BNP level varied by geographic region in a way that was consistent with the event rates (ie, was lowest in Eastern Europe/Russia and Latin America and highest in the United States/Canada). This calls into question the degree of cardiac dysfunction (or whether there was cardiac dysfunction at all) in patients in the low event-rate regions and raises the possibility of noncardiac causes of symptoms such as dyspnea and edema in these participants. 14 In addition, when we adjusted for baseline NT pro-BNP level in I-Preserve, the international geographical difference in heart failure hospitalization rates was eliminated.
There are previous reports of international geographic variation in trials in patients with chronic HF-REF. The Assessment of Treatment with Lisinopril and Survival (ATLAS) trial investigators reported regional differences in baseline characteristics but did not report outcomes. 15 The Metoprolol Controlled-Release Randomised Intervention Trial in Heart Failure trial (MERIT-HF) investigators published a figure illustrating unadjusted all-cause mortality rates by country (rather than region). 16 This trial included 123 patients from the Czech Republic, 211 from Hungary, 102 from Poland, and 532 from the United States. The mortality rate was highest in the Czech Republic and lowest in the United States. Hospitalization rates were not reported. Rates of death (as opposed to proportion of deaths) have not been published for any other large trials in chronic HF-REF, as far as we are aware.
International geographic variation in short-term outcomes was reported in the Placebo-Controlled Randomized Study of the Selective A(1) Adenosine Receptor Antagonist Rolofylline for Patients Hospitalized With Acute Decompensated Heart Failure and Volume Overload to Assess Treatment Effect on Congestion and Renal Function (PROTECT). In PROTECT, 60-and 180-day event rates were generally lowest in Russia and highest in North America, but this trial included relatively few patients and events within each region. 17 The much larger Efficacy of Vasopressin Antagonism in Heart Failure: Outcome Study with Tolvaptan Program (EVEREST) also reported outcomes in patients hospitalized with acute heart failure (and with a LVEF ≤40%) over a median follow-up of 9.9 months according to region of enrollment. 18 Although crude death rates were highest in North America and lowest in Eastern Europe, the adjusted risk of death was significantly higher in South America (HR, 1.42; 95% CI, 1.15-1.76), relative to North America, and somewhat higher, but not significantly so, in Western Europe (HR, 1.16; 95% CI, 0.95-1.42) and Eastern Europe (HR, 1.17; 95% CI, 0.98-1.41). We did not find any regional difference in unadjusted or adjusted mortality rates in the 2 chronic HF-REF trials we were able to analyze, although we did not have patients from Latin America.
For the composite outcome of cardiovascular death or heart failure hospitalization, the HRs for South America, Western Europe, and Eastern Europe, relative to North America, were 1.11 (95% CI, 0.94-1.32), 1.10 (95% CI, 0.93-1.28), and 0.84 (95% CI, 0.73-0.97), respectively. Rates of heart failure hospitalization were not reported separately, but the proportion of patients readmitted for heart failure was similar in all 3 regions. We too found a slightly but not significantly lower rate of this composite outcome in Eastern Europe compared with North America (in the CHARM HF-REF trials), but neither EVEREST nor the CHARM HF-REF trials showed the international geographic variation in heart failure hospitalization apparent in the HF-PEF trials.
Our findings are not about clinical practice but are, we believe, very relevant (along with the results of TOPCAT) to future trials in HF-PEF. Use of strict inclusion and exclusion criteria that incorporate measures of disease severity should reduce patient heterogeneity and lead to a more consistent risk of adverse outcomes across regions. Natriuretic peptides are the most obvious example of such a criterion/measure, and our findings in the subset of patients in I-Preserve with a baseline NT pro-BNP level strongly support their value in this respect. Clearly, some variation in mortality will remain, in part because of differences in noncardiovascular death rates (eg, from smoking-related lung disease and cancer) and cardiovascular death (related to differences in lifestyle and use of background diseasemodifying cardiovascular medications and devices), as well as possible differences in selection of patients, including physician or patient willingness to enroll. 19 Heart failure hospitalization rates may still vary more than mortality rates because these are more likely to be influenced by local health-care system organization and practice than is mortality. However, this may be an unduly pessimistic perspective because, after adjustment, the regional differences in heart failure hospitalization rates in I-Preserve, which had more stringent inclusion criteria, were less marked than in CHARM-Preserved, which had less stringent enrollment criteria.
There were limitations to our study as with any report of this type. There are few trials in HF-PEF available for analysis. There are also few contemporary trials in chronic HF-REF with enrollment in all regions of interest (for example, the 2 most recent pharmacological trials and 2 most recent device trials did not recruit in both Europe and North America). [20] [21] [22] [23] We may not have measured or fully adjusted for all important variables influencing fatal and nonfatal outcomes in heart failure. We analyzed data from clinical trials that enroll selected patients because of inclusion and exclusion criteria, other patient factors (eg, ability and willingness to participate), and investigator factors (including financial incentives); therefore, extrapolation of our findings to clinical practice should be done with caution.
Regional rates of hospitalizations may also vary according to cultural practices of physicians, thresholds for hospitalizations, and access to health care, and we did not have information on management practices and health system approaches in every country and at every stage of heart failure. 24 In summary, we found that rates of fatal and nonfatal events in patients with heart failure vary by international geographic region and that this variation is greater in those with HF-PEF, compared with HF-REF. Although this variation was attenuated by adjustment for regional differences in patient characteristics, it persisted, especially for heart failure hospitalization. Better definition of patients enrolled in trials in HF-PEF might reduce this variation and identify a population more likely to respond to effective heart failure treatments. 
Sources of Funding
